It is unclear whether ethnic differences exist in adipose tissue (AT) and skeletal muscle (SM) distribution in black and white youth. Investigation into the pattern of AT and SM distribution in black versus white youth may provide insight into the previously reported health disparities between these ethnicities. Therefore, we examined total and regional AT and SM in overweight black and white boys. The study sample included overweight black (n = 19) and white (n = 21) boys (11-18 yr, BMI ≥ 85th) whose body composition was evaluated using whole-body MRI. Despite similar age, Tanner stage, and BMI, black boys had significantly (P < .05) less visceral AT than white boys and more (P < .05) total and lower-body subcutaneous AT (SAT) in both absolute (kg) and relative (%) terms. There was a main effect (P < .05) of ethnicity on the relationship between total and regional AT, such that for a given amount of total body AT (kg), black boys had a greater (P < .05) lower-body SAT and less visceral AT than their white peers. For a given amount of total SM, black boys had more (P < .05) SM in the thigh. Compared with overweight white boys, overweight black boys have less visceral fat, more subcutaneous fat, and more thigh skeletal muscle.
Introduction
It is now well-established that visceral adipose tissue (AT) is a strong risk factor for many obesity related comorbidities, independent of overall obesity in children and adolescents [1] [2] [3] . Ethnic differences in abdominal AT distribution have been noted in adults [4] [5] [6] and in the pediatric age group [7] [8] [9] [10] , such that black children and adolescents have lower visceral AT area (cm 2 ) than their white peers despite similar BMI or total fat. By contrast, little is known regarding subcutaneous AT (SAT) patterning in black versus white youth. Recently, Sisson et al. [11] have shown that white boys and girls have higher subcutaneous AT estimated by skinfold-thicknesses than their black peers, while others report no differences between black and white children [12] . Investigation into the ethnic differences in regional AT distribution is of importance since it may provide insight into underlying mechanism explaining the previously reported health disparities between blacks and whites.
Accurate assessment of skeletal muscle (SM) is essential since it plays a major role in functional capacity and metabolism. Indeed, SM is the primary site of glucose uptake [13] , and the increases in SM with strength training have been reported to be associated with increases in insulin sensitivity [14] . Additionally, alterations in SM morphology (e.g., increased lipid accumulation between muscle bundles (intermuscular AT: IMAT)) are shown to be associated with decreased insulin sensitivity [15] . A previous study in adults using MRI indicates significant ethnic differences in total IMAT [16] . It is currently unclear whether this observation remains true in the pediatric age group.
Currently, magnetic resonance imaging (MRI) is considered the gold-standard imaging technique for evaluating human body composition [17] . By comparison to computed tomography, MRI provides accurate measure of different tissue areas without radiation exposure, and allows for the analysis of separate anatomical regions (e.g., legs, hips, abdomen and arms), thereby permitting a comprehensive assessment of AT and SM [17] . Using this technique, we sought to compare total and regional AT (SAT, visceral AT, and IMAT) and SM distribution in overweight black and white adolescent boys of similar age, Tanner stage, and BMI.
Materials and Methods

Subjects.
Subjects consisted of black (n = 19) and white (n = 21) overweight (BMI ≥ 85th percentile) [18] pubertal boys (11-18 yrs old). Briefly, nine boys were participants in a cross-sectional study [19] , where whole-body MRI was obtained as a secondary data, and 31 boys were recruited for an intervention study currently ongoing. All participants were recruited via newspaper advertisements in the greater Pittsburgh area, flyers posted in city public transportation, posters placed on campus, and the Weight Management and Wellness Clinic at Children's Hospital of Pittsburgh. Inclusion criteria required that all subjects were pubertal in Tanner stages II-V, nondiabetic, sedentary (no structured physical activity >2 times per week for past 3 months), and not taking medications known to affect the study outcomes (e.g., hormone therapy). These studies were approved by the University of Pittsburgh Institutional Review Board. Parental informed consent and child assent were obtained from all participants before participation.
All participants underwent physical examination at the Pediatric Clinical and Translational Research Center (PCTRC) at Children's Hospital of Pittsburgh to ensure eligibility. Pubertal development was assessed according to Tanner criteria (genital development and pubic hair). Ethnic background was verified by self-identification in three generations of both sides of the parents. All participants were evaluated at the PCTRC at Children's hospital of Pittsburgh.
Anthropometric Measurements.
Body weight was measured on a balanced scale to the nearest 0.1 kg, and height was measured to the nearest 0.1 cm using a stadiometer. BMI was calculated as weight (kg) divided by height squared (m 2 ). The Centers for Disease Control and Prevention Growth Charts were used to calculate sex-and age-specific BMI percentiles [18] .
Whole-Body Magnetic Resonance Imaging (MRI).
Whole-body MRI data were obtained at the University of Pittsburgh Magnetic Resonance Research Center. In 11 subjects (8 black, 3 white), whole-body MRI data were obtained with a 1.5 Tesla magnet (General Electric Medical Systems, Milwaukee, WI) using an established protocol described in detail elsewhere [20, 21] . For 29 subjects (11 black, 18 white), a 3.0 Tesla magnet (Siemens Magnetom TIM Trio) was used to acquire whole-body MRI. This was necessitated by MR system upgrade affecting all ongoing studies.
In both 1.5 and 3.0 Tesla scanners, the subjects lay in the magnet in a prone position with their arms placed straight overhead as described previously [20, 21] . Using the L4-L5 as the point of origin, transverse images (10 mm image thickness) were obtained every 50 mm to the hand and foot. Three series of 7 images (e.g., 7 images per series) were obtained for the lower body and 3 series of 7 images were obtained for the upper body, resulting in a total of ∼41 equidistant images. The 1.5 Tesla images were obtained using T1-weighted spin-echo sequence (210-ms repetition time and 17-ms echo time) with a 48 × 36 field of view and a 256 × 256 matrix throughout the whole-body as shown previously [20, 21] . For the abdominal series, the subjects were asked to hold their breath for 26 sec to minimize the respiratory motion artifacts. The 3.0 Tesla images were obtained using T1-weighted spin-echo sequence (700-ms repetition time and 5.5-ms echo time) with a 48 × 36 field of view and a 320 × 240 matrix throughout the whole body. For the abdominal series, the subjects were asked to hold their breath for 20 sec to minimize the respiratory motion artifacts. Once acquired, the MRI data were transferred electronically to a stand-alone computer for analysis using specially designed image analysis software (Tomovision, Montreal, Canada), the procedures for which are fully described elsewhere [20, 22] . The intraobserver variability in the analyses of 1.5 Tesla and 3.0 Tesla MR images acquired from the same subjects on the same day was 3.9% for visceral AT (n = 2) and 2.1% for abdominal SAT (n = 2) as shown previously [19] .
Determination of Regional AT and SM Measures.
Total AT, SAT, IMAT and SM volumes were determined using all 41 images. As shown previously [23] , the image at 5 cm below L4-L5 was used to divide the upper-body and lower-body. Total VAT and abdominal SAT volumes were calculated using the five images extending from 5 cm below to 15 cm above L4-L5. Hip SAT and SM volume was calculated using the images beginning from 5 cm below L4-L5 moving inferiorly until the femoral head. Thigh SAT and SM volume was derived from the 7 images extending from the femoral head to the top of the knee. AT and SM volume was converted to mass units (kg) by multiplying the volumes by the assumed constant density for AT (0.92 kg/L) and SM (1.04 kg/L) [24] .
Statistical Analysis.
All statistical procedures were performed using SAS v9.1. Independent t-test was used to compare ethnic differences in subject characteristics. A chisquire test was used to compare Tanner distribution between black versus white boys. Ethnic differences in regional AT distribution were examined using ANCOVA, with ethnicity as a fixed factor, and Tanner stage and total AT as covariates. General linear models were used to examine ethnic differences in slope (interactions) and intercept (main effects) of the regression lines between total and regional AT and SM adjusting for Tanner stage.
Results
Subject Characteristics.
Subject characteristics are shown in Table 1 . Overweight black and white boys were not significantly different (P > .05) with respect to age, Tanner stage, anthropometric measurements, and total AT or SM mass.
Ethnic Differences in Regional AT and SM Distribution.
Ethnic differences in regional AT distribution after adjustment for Tanner stage and total AT is shown in Table 2 . In absolute terms (kg), there were ethnic differences in SAT and visceral AT, such that black boys had significantly (P < .05) greater total, lower-body, leg and thigh SAT, and lower visceral AT. Similarly, when expressed relative to total AT, black boys had a significantly (P < .05) higher % leg SAT and lower % visceral AT compared with white boys (Figure 1 ). There were no ethnic differences (P > .05) in IMAT. Thigh SM was marginally higher in black boys than white boys (P = .052) with adjustment for Tanner stage and total AT (Table 2) or body weight (data not shown).
Effect of Ethnicity on the Relationships between Total and
Regional AT and SM Distribution. There was a significant (P < .05) main effect of ethnicity on the relationship between total AT and regional AT, such that black boys had greater lower-body SAT compared with white boys for a given level of total AT. By contrast, there was no significant (P > .05) main effect of ethnicity on the relationship between total AT and overall upper-body SAT (e.g., arms, chest and abdomen). There were no significant ethnic differences in IMAT. For a given total AT (kg), black boys had a significantly lower (P < .05) visceral AT (kg) than white boys. Black and white boys did not differ in SM in the upper-or lower-body, but black boys did have more SM in the thigh area (P < .05), such that black boys had 0.42 kg more SM in the thighs for a given amount of total SM than white boys with adjustment for Tanner stage.
Conclusions
In addition to previously reported ethnic differences in visceral AT [19] , we observe significant ethnic differences in the whole-body subcutaneous adipose tissue patterning between overweight black and white adolescent boys. In comparison to white boys, black boys had higher total and lower-body SAT for a given amount of total AT. Further, there were differences in skeletal muscle distribution, such that black boys had more SM in the thigh for a given amount of total SM.
Our observation that there is lower visceral AT in black compared with white boys is consistent with the previous literature in children and adolescents [7] [8] [9] [10] . Furthermore, with the use of advanced imaging technique (whole-body MRI), our observation extends the previous studies in youth reporting black-white SAT differences estimated by skinfold thickness [11, 12] . Indeed, we quantified wholebody AT distribution and observe significantly greater total and lower-body SAT in overweight black boys compared with overweight white boys.
Using whole-body MRI, Gallagher et al. [16] report that black men and women have greater IMAT compared with their white peers. Unlike this observation in adults, we did not observe significant differences in total IMAT between black and white boys: a finding similar to our previous observations using a single-slice CT at midthigh [19] . Although we cannot be certain, it is possible that the disparate findings may be due to differences in the cohort studied. Indeed, it is unclear whether the magnitude of these ethnic differences are consistent throughout the range of obesity and age, as our study sample consisted of only young overweight boys and the aforementioned study [16] had a wide range of BMI (16-40 kg/m 2 ) and age (18-88 yrs) .
In this study, we did not observe significant ethnic differences in total SM for a given body weight. However, there were differences in SM distribution after adjusting for Tanner stage, such that black boys had a significantly greater proportion of their SM in the thigh than whites. This may indicate ethnic differences in body composition or differences in training status. However, the latter is unlikely as an inclusion criterion for the study required the boys to be physically inactive (physical activity <2 times per week).
Together, the ethnic differences in AT and SM would appear to reflect a more beneficial cardiometabolic profile in overweight black boys compared with their white peers. Ethnic differences in insulin resistance and glycemia are inconsistent in the pediatric literature, with some reporting a similar [25, 26] or worse [8] diabetogenic profile in blacks as compared to whites. In adults, emerging evidence suggests that increased lower-body SAT and total SM are protective against cardiometabolic risk. Snijder et al. [27, 28] have shown that after controlling for abdominal AT and/or visceral AT, increased thigh AT is associated with lower fasting glucose and 2-hr glucose postload glucose levels, and better lipid profiles in elderly men and women. It remains to be determined if the observed differences in body composition between overweight black and white boys translate to a more favorable cardiometabolic risk profile in overweight black boys.
The strengths and limitations of this study warrant mention. Our study extends previous observations by employing a whole-body MRI technique to quantify AT and SM in separate anatomical regions (e.g., legs, thighs, hips, arms and abdomen) in a small sample of boys. Due to system upgrade, our data was obtained using two different MRI systems. Our study participants were sedentary overweight black and white boys. Whether similar findings would be observed in other ethnic groups, physically active, or normal weight boys is unknown. Finally, because of gender differences in body composition and topography [11, 12, 29] , this study was limited to boys only with currently ongoing recruitment of black and white girls as the next study.
In conclusion, we observed significant ethnic differences in the regional AT and SM patterning between overweight black and white boys. Compared with overweight white boys, overweight black boys have a body composition phenotype characterized by less visceral fat, more subcutaneous fat, and more thigh skeletal muscle. Further studies are needed to determine if these differences in body composition translate to a lower cardiometabolic risk in overweight black youth compared with their white peers, and to examine the independent associations between various AT depots and obesity-related health risk in each ethnic group.
